Over 97% of the Earth's water is high salinity water in the form of gulfs, oceans, and salt lakes. There is an increasing concern for the quality of water in bays, gulfs, oceans, and other natural waters. These waters are affected by many different sources of contamination. The sources are, but not limited to, groundwater run-off of nitrogen containing fertilizer, pesticides, cleaning agents, solid wastes, industrial waters, and many more. The final destinations of these contaminants are rivers, lakes, and bayous that eventually will lead to bays, gulfs, and oceans. Many industries depend on the quality of these waters, such as the fishing industry. In addition to wild marine life, there are large aquariums and fish and shrimp farms that are required to know the quality of the water. However, the ability of these industries to monitor their processes is limited. Most analytical methods do not apply to the analysis of high salinity waters. They are dependent on wet chemistry techniques, spectrophotometers, and flow analyzers. These methods do not have the accuracy, precision, and sensitivity when compared to ion chromatography (IC). Since the inception of IC, it has become a standard practice for determining the content of many different water samples. Many IC methods are limited in the range of analytes that can be detected, as well as the numerous sample sources of which the methods are applicable. The main focus of current IC methods does not include high salinity waters. This research demonstrates an ion chromatographic method that has the ability to determine low level concentrations of inorganic nitrogen and related anions (nitrite-N, nitrate-N, phosphorous-P, sulfate, bromide, chloride, sulfide, fluoride, ammonia, calcium, and magnesium) in a single run using a combination of UV and conductivity detectors. This method is applicable to various waters, and uses both freshwater and high salinity water samples.
Introduction
There are several regulatory and consensus methods currently available for the analysis of inorganic nitrogen and related species in various waters. The U.S. Environmental Protection Agency (EPA) monitors the quality of the drinking water and wastewaters in the U.S. Two relevant U.S. EPA methods are EPA300.0 and EPA300.1. These two ion chromatography (IC) methods are designed to test for the quantity of anions and cations in drinking water. The American Society for Testing and Materials (ASTM) is recognized internationally for the testing of water methods used in industries. The relevant ASTM methods include ASTM D4327, D6508, and D6919. The U.S. Geological Survey (USGS) regulates the quality of natural waters within the U.S., such as groundwater, rivers, and lakes. Its relevant IC methods include I-2057 and I-2058 for the testing of common anions in natural water. The Association of Analytical Communities (AOAC) International is an international association dedicated to publishing methods for chemical and microbiological analysis. The corresponding AOAC method, AOAC 993.3, is mostly applied to the food industry. Standard Methods, a joint It should be noted that all of the previously mentioned methods utilizing IC do not apply to a seawater matrix because of the high concentration of chloride and other potentially interfering analytes. With all of these methods, a high concentration of chloride will result in a tailing of the chloride peak, which reduces the resolution with the nitrite peak eluted after chloride. In addition, a high concentration of chloride necessitates a large dilution of the sample so that the concentration measured will fall within an acceptable quantitative range. For other analytes of interest, this requires a much lower limits of detection (LOD) and limit of quantitation. Table I shows the methods and the LODs of each of the relevant analytes.
As shown in Table I , there are no current methods that are able to analyze all analytes of interest. There are no methods to date that have the capability to determine the concentrations in a single method when testing high salinity water samples. All of these IC methods utilize a conductivity detector for the analysis of water samples with low concentrations of chloride.
Apparatus, reagents and relative information
Standards were prepared using deionized (DI) water (18 MΩ) and pure reagent grade compounds. A list of reagents used is shown in Table II. Each sequence ran contained a DI water blank to demonstrate a lack of contamination due to the instrument or any of its components. A 5 ppm standard containing each of the analytes of interest was measured to show the accuracy of the current calibration. The percent recovery was within 10%. Each sample was spiked with a standard resulting in a 10 ppb spike of each of the analytes of interest. The spiked sample demonstrated a 10% recovery, when compared to the sample. (Note: the standard/spiked analytes may be divided into multiple standards for the injection on their relative columns.)
Instrumentation
The Metrohm USA IC system (Model #850 Professional IC AnCat version, Riverview, FL) consists of an auto-sampler (Model #858, Professional AS), dual injection valves (20-uL injection loops), dual metal-free pumps, a column oven, two conductivity detectors, and a UV detector. The method was run on two separate columns at the same time. A High-resolution anion exchange column focused on the anions (nitrate-N, nitrite-N, phosphorous, sulfate, sulfide, bromide, chloride, and fluoride), while the high-resolution cation exchange column focused on the cations (ammonia-N, sodium, potassium, calcium, and magnesium). The anion side of the system utilized the autosampler, injection valve, pump, column, suppressor, conductivity detector, and UV detector in tandem. The method parameters are shown in Table III .
The cation side of the system utilizes the autosampler, injection valve, pump, column, and conductivity detector. The method parameters are shown in Table IV .
The saltwater samples were prepared by performing a 250-fold dilution and filtering through a 0.45-µm filter. Fresh water samples were injected directly after filtering them through a 0.45-µm syringe filter.
Sample collection
This method is not limited to the analysis of high salinity water samples. It is applicable to many different types of water sources, such as freshwater, groundwater, well water, and seawater. The sources that were analyzed are shown in Table V .
Galveston Bay and the surrounding Houston waters provided a great opportunity to test the robustness of this method. The Houston area has a very large population of industrial manufacturing facilities. Samples were collected during the months of May and June. Sample containers were cleaned per EPA cleaning procedures listed in the OSWER Directive 9240.0-05A: "Specifications and Guidance for ContaminantFree Sample Containers." After collection, the samples were stored on ice in a cooler until reaching the lab. Once in the lab, the samples were stored in a refrigerator at 2-8°C until they were analyzed. Samples were analyzed within 48 h of collection.
Results and Discussion
Method detection limit study A method detection limit (MDL) is the minimum concentration of a specified analyte that can be detected and quantified with a 95% confidence level. The MDL was determined by injecting seven replicates of known concentration near the expected LOD. The standard deviation was determined from the results and multiplied by the t-value. The t-value for seven replicates was 3.14 at a 95% confidence level. A calculated MDL study was performed for both the anions and cations side of the instrument.
Anions
The results of the calculated anion MDL study were as expected with the results in the low-ppb range. Table VI. shows the results of the calculated anion MDL study for both conductivity and UV detection. Anions  Figures 2 and 3 show an example chromatogram at calibration Level 1 for both conductivity and tandem UV detection. The chromatograms show excellent peak shape and resolution between analytes.
Calibration information
A 6-point calibration curve was prepared using an anion stock standard. A linear regression analysis was done to determine the correlation coefficient (r 2 ). Figures 4, 5, and 6 show the linearity of the calibration curve for nitrite-N, nitrate-N, and phosphate-P, respectively. Nitrite-N and nitrate-N have r 2 > 0.999, for both conductivity and UV detection. Phosphate-P also had a r 2 > 0.999 for conductivity detection. The relative standard deviation (RSD) for all the calibration curves was less than 3%.
Cations
A 5-point calibration curve was prepared using a cation stock standard. A linear regression analysis was done to determine r 2 . Figure 7 shows the linearity of the calibration curve for ammonia-N. Ammonia-N has a correlation coefficient of 0.999988. The RSD for ammonia-N was 0.548%.
Quality assurance/quality control information Anions
Samples were chosen at random and spiked with the anion stock standard. Table VIII. shows the percent spike recovery for nitrite-N and nitrate-N. The spike recovery varies from 87.47-114.00%, with an average of 97.64% for both conductivity and UV detection. 
Sample data Anions
The anion sample data is compiled in Table X . Due to the low concentration of chlorine, the analysis of tap water samples demonstrates the continuity between the conductivity and tandem UV detection for nitrite-N and nitrate-N. The Aquarium-7 sample was the only high-salinity sample to show a detectable quantity of nitrite-N at 0.008 ppm. The nitrite-N for all other high salinity samples was below the LOD.
Cations
The Cation sample data is compiled in 
Conclusions
An IC method was developed that has the ability to determine low levels of inorganic nitrogen and related anions and cations, including nitrite-N, nitrate-N, phosphate-P, and ammonia in a single run using a combination of UV and conductivity detectors. The method has applications in many different sample matrices. The LOD and recovery meets or exceeds previous methods. Comprehensive work is needed using total ion analysis, which 
